Abstract: Measurements of temporal profiles of femtosecond pulses reflected from metal/photonic crystal system show that the pulses are distorted when spectra of the pump laser radiation and resonance line of Tamm plasmon-polariton overlap. Lifetime of TPP was estimated at 30 fs.
Introduction
Tamm plasmon-polaritons (TPP) in photonic crystals (PC) are optical analogues of electronic density localization at the boundary of periodic atomic potential [1] and appear as electromagnetic field localization at the boundary of photonic crystal and metal [2] . Unlike surface electromagnetic waves and surface plasmon-polaritons (SPP) Tamm plasmon-polaritons do not have phase-matching conditions for in-plane wave vector, thus TPP can be excited for any angle of incidence [3] . However boundary conditions for out-of-plane wave vector are critical for TPP. Experimentally these states manifest themselves as narrow absorption gaps in reflectance spectra of Me/PC systems [4] .
Ultrafast dynamics of SPP was intensively studied last years. Significant distortion of femtosecond pulses travelling in plasmonic nanostructures was shown [5] [6] [7] . Ultrafast measurements can provide information about lifetime and excitation dynamics of the TPP which is of the great fundamental interest and on the other hand is useful for the creating brand new devices for controlling the light. However to the best of our knowledge there are no papers in which ultrafast dynamics of Tamm plasmon-polaritons is studied.
Samples and setup
The studied samples consisted of 6 pairs of ZrO 2 /SiO 2 (average thicknesses 110 nm and 145 nm respectively) quarter-wavelength layers with SiO 2 layer on top, deposited on quartz substrate using thermal evaporation. According to the calculations optimal thickness of the top most layer was estimated as 225 nm, therefore additional 80 nm layer of SiO 2 was deposited on a sample using thermal evaporation. The resultant structure was covered by a 30-nm-thick gold film allowing good field localization in the TPP. 30-nm-thick gold film on quartz substrate was used as a reference sample.
As a source Ti:Sapphire laser with pulse precompressor was used, providing 30 fs pulses with 80 MHz repetition rate. Polarization of incident light was controlled with a wideband half-wavelength plate. Temporal profiles of femtosecond pulses, reflected from the Au/PC sample, were obtained using noncollinear intensity crosscorrelation measurements.
Experimental results
Experimental cross-correlation function of pulse reflected from 30-nm-thick gold film is shown in Fig. 1a with dots in a semilogarithmic scale. Corresponding spectrum of a pulse is shown in the inset. Profile of a pulse is in an excellent agreement with Gaussian fit, shown with red solid curve. Cross-correlation functions of p-and s-polarized pulses reflected from the Au/PC sample are shown in Fig. 1b with black squares and red circles respectively. Inset shows corresponding spectra of p-(black curve) and s-(red curve) polarized incoming light reflected from the Au/PC sample. Dips, related to the TPP exist in both polarizations, but overlapping of TPP resonance and pulse spectrum is better for p-polarization. In the presence of TPP temporal profiles of ultrashort pulses distort. One can see tails on the trailing edges in cross-correlation functions. Tail of p-polarized pulse was approximated with function y = y 0 + exp(-x/τ), where τ corresponds to the lifetime of TPP, which was found to be 30 fs.
